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ABSTRACT INTRODUCTION AND BACKGROUND

The Human Factors Engineering Department Miconjumnction with For several years the Douglas Aircraft Company has becen

the Advanced Design and Flight Development groups at the conducting a program directed tnward developing tile ability to

Douglas Aircraft Company is currently vigaized in a Pr(oJe.ct objectively measure flight crew workload with sufficient sentsi-

directed toward developing the capability tdbieasur&,objectivcly tivity to differentiate between allernate crew station niati~rai-7

the flight criew workload with sufficient sensitivity to differen- tions. This capability is considered essential to the Douglas goal

tuate between alternative crew station layouts, controls, and of designing the most economic cockpits with acceptable and

*displays. The comiputerized technique concentrates on design safe workloads. This developmenit is a joint effort of thc Human

factors tinder the control of crew station designe:rs and provides Factors Fnigincering. Advanced Design. and Flight Developmenlt

f or quick and low-cost iteration of' alternatives. Thle program groups a t Douglas.
provides workload as related to specific equipmewnts anid systems.
permitting special attention to be given to high workload items Ant objective measuri ng sy stein for flight crew workload has been

during the early development of' conicepts and hardware before a long standing requirement of crew station designers. They need

simulation is available. The technique and program is also a system that is usable during the early design stages and provides

applicable to integrated displays, including those where program- a means for identifying both thle peak workload periods ald thle

ming to meet information requirniciits is anl element, specific crew station dharacteristics that contribute to these
workloads. It must also he: able to quickly evaluate proposed

The anialysis is based oil a typical flighit mfissiiln scenario changes in crew station equipments or layouts to determine fihe

constructed to explore file e\pccted operational enselopc: and to degree ito which undesirable workload peaks can be redue-l. The

*exercise a major portion of the aircraft displays, controls, and workload measuring system that i, inl the development stage: at

- ~ NSVU Iysem in a equence anld time :raine t vpical o I lie inore Lkouplas is nict i u t flicse gou s by prov idi o a sta ndard li a- ilrinlg

demianding operations planned. rue primary nmeasure is the ratio tool for comparisons, of alternat ive crew station coilfigura tionis.

of thle retin r-d p-r flirriocc time: to filie t in-'e ua il.i bk svtil fitlie E~ven wileI t his nicaso ria i slc tein i stil i ing del elopedl a iid

time constraints reoilated fly a s;pecific tl4iht. suppl-itented by refined, it is being usedl to assist inl guiding crew station design
* ~hand mlove meict at ild anid dI safe a tnc . '117' opelra f :1 pro cc- concepts o new a ircraft. both iii tatrv anid cisii iii. This Close

dure, are dct ili for coinpo icr handling il ai lva io, tat relaltes a in te rtic with crecw stat ion dlesign engineers is alIso Isrovidifig

siiiek worklotad element it) a migle pice of equipnuiiu . %vitlittle invalu~able f'eedblack fi1atlp gu1ideW thle developmentI of thle

~ - qii~~tcrtcodd b its lktaltion .iI A lA, unbe.I'lie I 1ins fr nweasuring s stein and eilsurcs thait it pros ides the: t pe of

Coin pii t specitfic act s Illii th cockit ali es- loe;I' di% in ft rnia Iii desi fl y tli des p0 ers. A\it esampleo oftill, is as thle

an l~ si o ach 1.k .- dli. ass1 iie 0elp1,iucit i'I.It s .itda recenit indiilon of the, \.arioustdcsNii !'rittp s~iiibolsm HIM lhilthes

.ietion and readingy l11t1s. ll,, hal Ill'xcieit t ait( diste!~: icetf. grolts could ,ec whi)i prol~orlion tit tile llieit cress sorklo.idl

irc desetltei uing Imll-e e~! d was t heir aepliiill. i* potsdv ides l ie apubiht I vor

showing Ii' w dcesii vroull lfaninN .iflet t I lli crowv
is oolt tuim-w ii ttut 'u, 5 f fIs, i tvetiv~:'s ior \virklItdf sl fbI'. 11ipiiftti.tl chancit-e iii tile spcfcarea

l iltfe ore pritkccly tfoui t.lnri~ltilcnrci r whlli lt.Q% ..I%: rc-jMoiislile.

p 'ctiircs on r etcr\%, rl.u .00 id A 10i%'iirel it. -'5.

ida1' Ill n 1 ',t of iiiM ts t*utit 11. 'c l .,"I C 111ci ki~it !a1 tic uit -,-% DIINI'lIONS 01: I('IIhTCRI--VORKLOAD)

t0 .ic' 0unit1 lilit 111 Knowis ofiii pU : tlk I. l

.hi., tit, r I- -r il , ll- fl1.-,:1'1i. It~I ii;,I Illtil tler icts \V111' 11i. 1.1% .. iIift, tl\ i



dc.1inition ol what is miacit by thiis iv rin. This is best Illus~trat ed Ilite Iiypcthlesi/ed env iroinmnital Ia cEors, a m issioni scenario is
1w an i nkidciiiit at he (rc Sv tierlncii (r.rnc Id Ili I os dloc!iorzWitlli n Cl tiiiie. Thei 11111 ascilalble
Accedecs in So pfeinl'er. 172. iii which one ii t he atili ors. di t-iing segmenti s are tei crca Lcd by lit hcin e difference be tweein eicnE s
a discussion cit flighit crew work load, a skei for a definhit ion ofci it oir miilestonies.
tRc k reci: 1 i. Ocic ot the partici pain% %oloi t tcred 11w idva tchat
workload was thc amnount ol effort expeiided Ii (lie pertortirance MISSION EVENT TIELINES MISSION TASK TIME LINES
of a task or tasks within certain established tolerances. Another L----______

*thought that workload should tic definecd iii termi of what is, . SCENARIO * CREW CONFIGURATION
reqird o acilcemrghic sttation. lisescetid o c AIRCRAFT PERFORMANCE *OERATING PROCEDURES

*close eno~ugh for coiifcreice purpcoses and the discussions of EVRN NT*AKTIEAA
* flight crew workload continued. T--

*Somic of thc definitions of' workload containied Iii the Iliterature TIME AVAILABLE TIME REQUIRED

include thie following frcon Referece 2: COMPUITER ASSISTEOl-
_ANALYSES

"Workload is commonily definicd iii ternis, of thc quait it) of --

work units to be pcrfortried Ii a given interval of titii" F K11RLOAO 6NEA&I
ICREWMAN BY MISSION

"Tile number of tasks accomplished Iii a tblock of time- _ -ME___j

"Operator workload is often quantified in terms of inputFIUE1 OK A NLYS-MTH OOG

parameters ralher thin output nmeasurcs." The operating procedures are established by coordinating inputs
from experienced pilots using the published or proposed aircraflt

At this sanme Crew System Design Coniference. Wingert (Refer- operating procedures tor the proposed flight vrew station
ence 3) presented a paper that provided a more precise and configuration, and the equipmenit operating procedures proposed
commonly accepted definition: for the planned configurationi. These procedures are refined and

detail times developed by using a full-size design aid and
"Workload is the ratio of thle required performance time to published task time data to provide detailed task element time
the time available within the time constraints regulated by a data. This establishes the time required for performing the
mission." various activities required for the flighit.

Wingert's defiiiition is very similar to our definition: The detailed flight sequences. time available data, and time
required data are coded for acceptance by the computer program

"Flight crew workload is the ratio of the summationi of and entered into the computer for processing and analysis. The
required crew-equipment performance time to the time output from the computer consists of average and summary
available within the constraints regulated by a Oven flight or tabulations. These tabulations can be of total workload or the
iiionl." workload associated with various equipment and certain kinds of

activities.
This can be expressed as follows:

A separate routine referred to as the Select Option allows
FCW (Percent) =TriTa x 0 retrieval of task elements in accordance with specific codes

whereassociated with equipment, body act ions. reach distances, respon-
whr sible engineering groups. etc. Workloads are then computed for

these groupings. By proper selection, it is then possible to
FCW (Percent) =Flight Crew Workload in Percent determine which factors are significant in relation to overall

ime~euiredworkload or where the configUralion could be improved most
T= TieRqrd effectively to reduce workload peaks. This techniique enables

comparisons to he nmade on a numerical basis independent of
Ta = Tim Available personal opinion.

This concept is mrost useful when coniparing alternative means of BASIS AND DESCRIPTION OF CALCULATIONS
* ~~acconiphlish ing siniila r tasks, or prov idling s imiilair infuiriiiation iii

the cockpit. It also facilitates thie reLiting of tasks and task times The, time available i~s bNised on aI %ery dectailed flight sccnlario that
to specific equ iptmen t so thl efforts to reduce work load pecaks describles specific El ightI con diticonrs." ighnt paths hanid a irspeeds.
can be directed to) E le prorper equiipmernt arc as. Since our in tel-rest Usnanveit riileonasIietrtjgaliCidi15fd)nI.th

in work load is crew s~a Lion design orcen ii-. Eliis con ce pt is tile Ulsn tt avn p rci .aI i id ri h as ee rind~ idend ing toinetenhe
one i hat seemi-s to best suppoicrt on r goal oif designing tile imiost st.gii it.'iclev tscriiilk sti ncs are as fol lows: ELnd

* ~~ecollnic cockpit s witll) acce Ilt able anId S.1 b e wcork load s a ct series stiEt 4 ItlFe.(iOre(I. eEI cdii 14 tr
as a basis fcor a staiicard for comparisons. SpeseEnt ito 4000-21)1) AS.w Uhgoc 2ce to liei 044, I Sport

Slicd Cuine '.O-20 KAS.Fipi 2 k-pctsthe 'ma potio
j, LJ( of the flight aind shicws Ilie staicn anid enrding. Point', of some cit

FGH1 I' CR lWIWOR K LOAD f)ile to lest o nc'. I igcirk 3 shows tile re I at. in shi Ii bet wee i a Iti tic dc
ANALYIS PRCH)LTR IL L:~IMAllY INed a rid hcc~licll ri tci tile List portio 'i ile I high t. lTce 'slived

pin c it f isl- proifile is cleve irpod Lisinrg a pp ropriatIe airenalt
ix-rfcirn:c dlata, eicririw rr iii trctiirs%. and sliced', requiiredl i

lite procedure tusedb Iii incacNtiri flightr cr.sv wickbci,it i.. VArIuIN s,'mgciilt cit tile Elorlit. 1l: hi 1 is peeds. dirc Al Itit&
siiniianied lin lirire 1. It starts Witllii a E loc l hii phi arct 11icis' reciIIIIIEtic 0 lci 010 Ili Prcs, ri td cc'crN, specLiEI 1cl 1%
desel iil lt extrcise ill d'cldilimcii cif' ciic Itc r ii'cc. at cI.I ir Al(' in t ig this aplpoailiich i iidiiigW. The ciilcstimics .me

* anilit Nis. sing- eclec.icl cir ictliiacl ircr.E t pikI hciciicais lIi, .iii41 shliin ill the' lop~ pocrtiiin cit Ihw liil 'which h^s time Ircnri



touchdown as the abi.sca. '[lhe difterential t'twecn (fie nuile- detcloping the procedurcs. linte requi d. designating lite crew
snc,, lorin, the hi,,i, Ior aIc tlltinig lit 'inic Available., or T.., meiber. antd indicating lite control or diplay involved. The tlime
for each discrete flight segi.net. required tor eaLth action is caft.ietafv h5 Oiiffig a %tatdullrd tit a

store that provides the times for actLatinog various type% oi"
13 H controls and reading sarious ies of' instruments. ( Ref'rence 4)

Figure 5 is an examiple of this type of ditta. Reach times were
YEtAIA-v - developed using a full-siie crew station mockup.

The procdures used reflect the operating techniques of one or
3040 ! "two expert pilots who are experienced on similar aircraft. Other

ORCHARD A " pilots might operate the aircraft slightly difterently but in a
L385 UR:'--[ i ,comparative analysis, since operating procdures are changed

I/ only when required by equipment changes, such differences are
3not important to our asuring system. Thile tim calculated

2240 1105 IIJRD tront the published data stores have been statidardized by testing
2---F IN .4,.366' a large number of subjects. This provides a solid hase for use in

L GUARDIA identifying the changes in use times associated with change in the
LAGUARDIA ) -crew station configuration. It is this ability to identity change in

to) Lo'.1 I tb, use time as it affects overall workload that is most ustful to crew
0470 5 8 :1000 / 1 20 station dcsigners.

/S
FIGURE 2. TYPICAL FLIGHT PATH MILESTONES CODING DATA FOR THE COMPUTER

Deseloping the Time Required starts with the use of flight crew
station drawings, proposed operating procedures for the aircraft, The data are orpnized in terms of missions, functions, tasks, and
and operating procedures for the specific equipments proposed in elements. Symbols and a brief description for each of these are
the configuration under consideration. In close coordination with used to facilitate both the computer processing of' the data and .
pilots experienced in similar aircraft, a very detailed description the reading of computer printouts. Figure 6 simulates a computer
of the procedures required for flying each mission segment is printout for some of the elements in the landing phase. Some of
developed. Figur 4 is an example of the worksheet used in the items are as follows:

hLAND

PHASET XD XF X X D MF ~~Jl X K X

360 - - _ -

270 - -

- -

250 -

SPEED- 200 SL

KNOTS 50 - _ _ _ _ '-

ISO-

100 -- _ , , _- ,

ALTITUDE 00

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIME TO TOUCHDOWN TOUCHDOWN

FIGURE 3. FLIGHT PROFILE SEGMENT

3 S



CHIAG NOTATIO:i 00 PAGE INDEX -- AODITION NO. _ _

FLIGHT PHASE IflEtiTIF][. 0403 TITLE APPROACH
.............................................................................................................................

TASK ICENTIFIER BL TITLE SET FLAPS TO 50 DEGREES _ _ _

------------------------------------------------- -----------------------------------

NOlt'AL X CO:UFIGUPATIO _ CRITICALITY

DIL EQUIP.EIT INTERFACE _ _ __E_ DEFEFABILITY,__-_'._

:ISSION TI_ _ _ _ _ _ ELAPSED TIME TOTAL TASK TIME REQUIRED
HR5 MI 1.4 MRS MIN SEC .""

ELEMENT DESCRIPTION TR C FO CID REtARKS-
REFERENCE

01 CAPTAIN CALL OUT: FLAPS 50 DEGREES
0 --C.PT-.-.---U---.---- ---------- --- -....... 1.0 X X

02 GRASP FLAP;SLAT HANDLE AND DEPRESS AND HOLD 1.4 X CP-FL

UNLOCK LEVER
03 PULL FLAP CONTROL HANDLE TO 50- DEGREE DETENT 1.9 X CP.FL

POSITION---.E d L .S .------------------------. -------................. . 9 SX CP-FL -
04 RELEASE UNLOCK LEVER

-- -- -- --- -- -- --- -- -- -- --- -- -- --- -- -- --- -- -- - .6 X CP-FL
0s MONITOR FLAP POSITION INDICATOR UNTIL IT READS 8.P05

____ 50 DEGREES

06 FIRST OFFICER CALL OUT: FLAPS 50 DEGREES .. . X

07

08

FIGURE 4. WORKSHEET USED TO MEASURE FLIGHT CREW WORKLOAD

INDEX OF ELECTRONIC EQUIPMENT OPERABILITY - DATA STORE
AMERICAN INSTITUTE FOR RESEARCH. REPORT NO. AIR-C43-1/62. 1962 Line I indicates the end of a function and task.

SAMPLE DATA
,cao" SCAM. Line 2 indicates the time the task ended.

mm Ila- TIME 010

TmoE ADM L SCAL DIAMETER Line 3 indicates the phase of flight (Land).
LOS A. 11WJCH
oL - In ua S Line 5 indicates the milestone to be achieved.

1. C2.71 INES
I SCALE STYLE

A. ANnnVE READING (DETERMINE ASECIFIC VALUE) Line 6 indicates the task description.
LJO (1) MOVNG PINorER
1.O (2) MOVING SCALE Line 7 indicates the time the task "XA" starts.

S QUAfTATIVE READING AND CHECKING (DETERMINE
WHETNER INDICATION IS WHIN A CERTAIN RANGE) Line 8 is the element description.

On ()MOWIGPOIER
0.1 (2) MOVING SCALE

o (3) EITnER MOGPOINTERORMOIGSOALE. Line 9 indicates which crew member is taking the action and
FCOLORCODED the time required for this action.

FIGURE S, TASKfTIME ESTIMATES Line 10 indicates that the eyes are required for this task.

1. 0403 XK99--END TIME
2. 000018 FC 000000 Line I I is the ATA number for the equipment involved in the
. 0404 LAND 102374 FC element described.

4. GS ELB U
5. 0404 XA ACQUIRE MM O NM FROM THRESHOLD
6. 0404 AAOO ALTITUDE CALLOUT Line 12 is for another element and shows the Captain is
7. 000018 FC 000000 involved in a communication task and is also
8. 0404 AAO! MONITOR ALTIMETER TO READ 200 FT performing an oulside scan at the same time.
9. 000000 FO 000300

10. E COMPUTERIZED DATA SUMMARIES
11. 3-ATA34-13-O1.120-410 C3 C . .

0404 AAO2 CALL: 200 FEET
000000 FO 000050

VE The computer program provides the capability to summarize and* I200 FEETf- -"
0404 AA03 RECVE: 200 FEET average the workload between designaled milestone% as related to

000000 C 0000 0 all task elements or those selected on tle basis of equipment or
it 10 FEET I S specialized task requirements. Figure 7 shows the flight crew

workload summary for all task elements in a p)rtion of' tihe

flight. The comiptltei prints out the function symbol. Iask
FIGURE6. LANDING PHASE ELEMENTS ISIMULATED synbol, task descnlption. and the percent workload for tile

COMPUTER PRINTOUT) (aptain anti the Iirsl ()tficcr, Ih niinis sign in front of the

4.



WORLOACS ARE FOR ALL TASK ELEMENTS CAPTAIN

TIME OURYN PERCENT WORKLOAD
FUC TASK TITLE H4 N S MIN C FO

0401 XA COMMENCE DESCENT TO 10000 FT. P
REDUCE SPEED 00 20:18 200 .7712 .72.7S

0101 X9 END DESCENT AT 1900 FPM; 00:141 1 300o .3422 .2072WOKAD MF

0401 XC ENODESCENT TO 4000 FT 00 ISAE 0,10 -417 -313 UNPRET)Al A

0401 XD COURSE CHANGE TO HDG 044 00.14 30 1.60 -89.17 -82291

0401 XE START SPEED CIIG 250 -2110 KIAS 00:12, 54 0.50 .73.67 -6367 1

0401 XP END SPEED CHANGE 00; 12.24 2.30 .27,61 47.61

0402 XA THIS PHASE NOT USED 00:10:06 .0.02 0.00 0001 0& ! I"-' 1 -4.-.. -

FIGURE 7. FLIGHT CREW WORKLOAD SUMMARY (SIMULATED TIETO TON(IN) TOUCIQONI

COMPUTER PRINTOUT) FIRST OFFICER

workload numbelkrs, is due to the technique of coun~ting time back _m

from the touchldown point.

Figure 8 shows a typical workload breakdown by equipmenta
groupings and activities. It shows, for example, the high 5A

proportion of workload associated with the commnunicat ions task ~ LA

in a high density area such as New York. The low value of S0 CI

workload required for outside scanning corresponds to the IFRC it

conditions chosen to give high workload in other areas. The total is 'a 9
level of workload, however, would allow outside scanning to be - M N0- W
increased considerably, if needed. Outside scanning is alsoIF: (i Iv) C
possible simultaneously with some of the other task elements _ 4 . 2 -
listed. Figure 9 shows the detailed analysis that is possible when Im TO-UMW MN OCDW

the workload elements are displayed for each task. This shows FA C IF . CATI. SOU~NP

the major elements of the workload structure and how they V ISA SC : -4CA5 C -1 KRIA, c KNCTAKE 11"TE40C

change from task to task. Most of this 5-minute segment is with FIUE9FLGTC WWOK ADSR TRENLYS
the aircraft on autepitot and the Captain takes over manually for FIUE9FLHTCWWO LADSR TRENLYS
the last 200 feet. analytic technique can be employed in con figuration evaluation,

the effect of an autotbrottle system is analyzed.

FLIGHT PHASE WORKLOAD The autothrottle system can be hypothesized as a completely
DESCENT automatic system that senses power requirements and con-

EQUIPMENT CAPT F.D. tinually adjusts the throttles accordingly. requiring no input or

TOTAL COMMUNICATIONS 19.5 32.9 monitoring from the pilot. Figure 10 shows simullations of the

VERBAL EXTERNAL (10.3) (16.4) computer printouts of workloads associated with manual opera-

VERBAL INTERNAL 18.9) (89 tion of the throttles and monitoring of the EPR guages. These

EQUIPMENT (0.3) (7.6) values which are obtained by a select option computer sort
FLGH ISTUENS 0. 30can be subtracted from total workload figures for all the tasks
FLIGT INTRUENTS10.03.0and a plot made of the maximum savings possible. Figure I I

NAVIGATION INSTRUMENTS 7.5 7.0 illustrates such a plot and shows that an autothrottle system may
REACH 3.8 9.0 have significant potential for reducing the higher workloads. It
SYSTEM SCAN AND CHECKLIST 0.0 6.5 makes a substantial reduction in workload for all buit two of' the
POWER PLANT 7.4 0.8 higher workload periods. With a potential such as this to work
FLIGHT CONTROLS 0.0 0.0 with, various autothrottle systems can be hypothesized and the

AUTOFILIGHT 1.4 0.2 corresponiding operating procedures derived, timed, coded, and

MISCELLANEOUS 3.2 1.4 fed into the computer for workload evaluation. Possible

NORMAL OUT SCAN 4. 4.9 autothrottle system characteristics can then be traded off to
(IFR APPROACH) arrive at the system that provides the most savings at the most

critical times for an acceptable cost.
TOTAL 57.7 . 65.7 THROTTLE WORKLOAD

SELECT OPTION TAKEN

FIGURE 8. EXAMPLE OF FLIGHT CREW WORKLOAD BY CARO TYE &FIELD112,LFIELD CONTENT P& 11 IME MINI PERCENT WORKLOAD
EaUIPMENT OR ACTIVITY (PERCENT OF TIME FWIC TASE TITLE NMS MIN C 00

AVIAL)040) IA MANEUVER FOR APPROACH 00 10 06 too .700 000
0403 UN END DESCENT TO M FEET 009 06 190 LION Goo

040) XF END "[AGING CHANGE 004 54 040 1710 000
DAT USINCOFIGRATONEVAUATON0404 04 ACOIJRE 1011NNIRFROMTRESHOiLD 00 00 023 an 14 '1 0Q0

DATAUSE N CNFIGRATIN EALUAIONEPA WORKLOAD
SELECT OPTION TAKEN
CAoo TYPE & FIELD 1126. FIELD CONTENT PC4TR TN WI ECNTWRLA

As stated previously, the primary purpose oit this system is to FUNC TUE ?MlE "MS am C 0O

proside data for use ill comlpirativL evaluation if altIernative crew 0403 X9 ENOODESCENT TO0MO FEET 00 90 as 0 a -224 040

station designs. Any workload rvduction msl bie cvahiIIvte ill 0403 XF ENOHEADISNGIE 0041%4 040 240 040

termls of thle conitest withbin whiic CIbtis occurs ai nd it ws 00 11 OLOTOD0 0 n I l

senseless to) inlcreaIse the cost bv :IutI)Iinaing .1 te.ittir that saives FIGURE 10. THROTTLE MANIPULATION AND EPR GAUGE
work dIuring low wiorlku.id pvriodNl onlN . 1'o illit rate hotw thIis MONITORING WORKLOAD

5



with various crew station equipmlent tfat might ihe chosen l' r
1iDSET_ LAN, I il'.illlat iI. I k',st ollera tilg prto edltiltes could tlitn tic retrieved

t'rom the computerized library and developed as required for the

so scenario.

40 Tile concept of Time Required for flight crew workload
WOdRKLOAD

IN PERCENT evaluation us'd in the computations is shown in Figure 13. This
0 canl he conceived of as a vertical slice of workload as it could

exist during some short period of time. Most of these elements
20 can he quantified for any given situation. While monst of our work

20 15 -2 has biee.n with thie Nornal procedurts Demands, one exanple of
21 is is 12 9 1 0 Abnormal Flight F nviroiinien Diletni ids has been quantiftied and

SAVINGS POTENTIAL TIME TO TOUCHDOWN - MINUTES the results are shown in Fiiure 14. This chart shows the

FIGURE 11. SCOPING POTENTIAL AUTOTHROTTLE SYSTEM additional increment of lworkload that is added when a VFR. day
SAVINGS FOR CAPTAIN flight is changed into a night, IFR flight with darkness, clouds,

icing, and rain to contend with.
Another example illustrating the utilization of these procedures
involves the consideration of a boom or hand-held microphone.
Most pilots are well aware of the substantial workload reduction
associated with using a boom or oxygen mask microphone W SELF-CHECK AND CROSS-CHECK ALLOWANCE

compared with a hand-held microphone. To determine the effect Z
of this change, a computer run was prepared that selected out all K Z EMERGENCY PROCEDURE DEMANDS

the times associated with picking up a mike, bringing it to a a A

talking position, and returning it to the stored position. The - ABNORMAL FLIGHT ENVIRONMENT DEMANDS

results are shown in Figure 12. These are in agreement with the . 5
commonly held opinion that a boom mike does help with some 2 %.F ABNORMAL PROCEDURES DEMANDS

of the higher workload tasks for the First Officer, and in

addition, the numerical results of this evaluation indicate the 2 DISPATCH INOPERATIVE DEMANDS

significant effect of this change. It is this quantification of ' ""

improvements, with objectively derived data. that is the key NORMAL PROCEDURES DEMANDS
contribution of this system. For any aircraft operator that has a
First Officer (Copilot) currently using a hand mike and MINIMUM ACTIVITY FOR CREW ALERTNESS

complaining of overwork, this is probably the cheapest way to
reduce his workload. FIGURE 13. TIME REQUIRED ELEMENTS OF FLIGHT

CREW WORKLOAD

(FOR FIRST OFFICER)

-D DSCENT - ,, - APPROAC H-----: DESCENT"" APPROAS --" I

too _____________ LAND ___________ _________ LAND

40 60
WORKLOAD WORKLOAD

IN PECENTIN PERCENT

04

SAVINS POTENTIAL TiME TO TOUCHDOWN - MINUTES ['INCREASE DUE TO NIGHT, TIME TO TOUCHDOWN - MINUTES

FIGURE 12. BOOM MICROPHONE USE SAVINGS POTENTIAL IFR. AND WEATHER

FIGURE 14. INCREASED WORKLOAD DURING NIGHT, IFR, AND
WEATHER CONDITIONS FOR CAPTAIN

CAPABILITY EXPANSION
The Cockpit Evaluation and Design Analysis System is not
developed to the xit where all the time demands of tile flight

There are Several wa; in which the capability of tie Cockpit crew workload elements as depicted in Figure 13 can be
Evaluation and Design analysis System can be expanded and quinlified. When they are. it will provide a signil-icant increase in
made more useful. At the present liinle the development of new the Ilexibility of this systle and its usefulness to desigliers who

scenarios and their ,ittendant milestone times is ai very time 5re directiig their eflorts toward providing sate and econonical
consuliing and laborious task. The full evaluation (if a crew station configurations. I-xperienced pilots arc all too
multipurpose or high capability aircraft would require several familiar with siluatiolis where tlie lititl demands of the various
different swcnarios. :.ich withI the aircral omfigtrct ditfcrnt ly letncnts listed in Figure 13 sum to a point where in;ideqtuate
in terms of the payload. The: setllence of .iction, wilhiii tile litle is asaililic l r neces ary selt-clieck and cross-check activity.
mission, as well as many actions theniselves. would be diftere nt. If t.l lite detmands of all lit various workload elements can be
An automated capability it) develop these scenarios and times iquanlified. considered, and traded oft during the d.siii process,
%ould greatly incrc.!we th Liesl'lhiss tit this technique. then crew station designers will have their aftntion directed to

those Items of 'it tipunent tha lii ms e improved to provile a
Another technilue for %peding tip crew station eviltatiins sate and eciinotmical crew station arralnenient that is viable

would be to develop a library of tip.'ratling proccdfures associhled utlder most a'Iverse conditions.

. .. L . . . - . . . . ." " . . .



AI)I)ITIONAL APPLICATIONS handle uitorccin reqtuircnents a% crew stalolln desien'vr,
understand its polentiAil and reqLIuCi additional types of
intorniat ion. Whilk tie us" at this tilme. have hc1".n co.c,id

This system also lends itself to development for use in crew sizing l6imarily with the cockpit crew statlion, it can be used for
studies tor patrticular military mi sions. ne workload measuring mission crew stations elsewhere and it can le utilized as a creA
technique could provide key intormation. including the si.ing technique.
following:

I. The effect on aircraft overall configurition and the REFERENCES
equipment needed for a particular mission with various crew
configurations.

I. Cross, K. D., McGrath, J. J., Editors, "Crew System
2Definition of tasks. task time., anti the task assi,,nment. Design." Proceedings of an Inter-Agency Conference. 12-14
associated with various phases of the mission with various September 1972, Los Angeles, California.
types of procedures that could he used to accomplish it.

3. Analysis of workload for each crewman as a function of the 2. White. R. T.. "Task Analysis Methods: Review and
airplane/crew configuration and mission phase. Development of Techniques for Analyzing Mental Workload

in Multiple-Task Situations." Report MDC J5291. Douglas
4. Analysis of the resulting differences in the nonrecurring and Aircraft Company. Long Beach. California. September

recurring portions of acquisition and lifecycle cost 1971.
differences to achieve the most cost effective compromise.

3. Wingert, J. W., "Function Interlace Modifications to
CONCLUSIONS Analytic Workload Prediction", Proceedings of an

Inter-agency Conference, 12-14 September 1972, Los
Angeles, California.

The cockpit evaluation, design, and analysis system described in
this paper is being used by the Douglas Aircraft Company in crew 4. Munger, Sara J., Smith, R. W., Payne, D., "'An Index of 6-
station design studies. It provides an effective method for Electronic Equipment Operability - Data Store", American
objective analysis of proposed cockpits early in the design stage. Institute for Research, Pittsburgh, Pennsylvania, 31 Jan
The analytical methods developed are also sufficiently flexible to 1967.
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